Bitter bean (Parkia speciosa), also known as petai, is a popular non-timber forest product. Traditionally, its fruits are consumed as vegetables and herbal medicines in Malaysia. The present study aimed to evaluate the antioxidant activities of aqueous and ethanol extracts of P. speciosa empty pods using various antioxidant assays, as well as examining their polyphenolic constituent contents. Results showed that with the exception of superoxide radical scavenging activity, ethanol extracts possessed stronger DPPH and ABTS radical scavenging, anti-lipid peroxidation, metal chelating and reducing power activities than aqueous extracts. It was found to contain a higher level of total flavonoids and total phenols than aqueous extracts. The major polyphenolic constituents present in these extracts were gallic acid, catechin, ellagic acid, and quercetin. Although aqueous extracts contained a  higher level in gallic acid, its catechin, ellagic acid, and quercetin contents were 
INTRODUCTION
Parkia speciosa or bitter bean, also known locally as petai, is a tropical leguminous tree of the family Fabaceae. [1, 2] The plant grows to as height as 60 to 80 feet, and is found distributed in the Malaysian forests. It is a popular non-timber forest product. Its fruits are collected from the wild and consumed as vegetables and herbal medicines. The seeds are either eaten raw or cooked. The young leaves and the fleshy part of the flower stalk can also be eaten raw. In mature fruits, the empty pods account for more than 60% of the biomass (each pod contains 12 to 18 seeds).
Bitter beans have been used in folk medicine for their antibacterial effects on kidney, ureter, and urinary bladder; its effect is due to the presence of several cyclic polysulphides. [3, 4] They are also believed to have diuretic and relaxing properties. Extracts prepared from P. speciosa seeds were reported to possess hypoglycemic, [4, 5] anticancer, [6] 1978 KO, ANG, AND NG and antiangiogenic [7] activities, and were able to reduce the blood glucose and blood pressure levels in hypertensive rats. [8, 9] The pods with the seeds were shown to have anti diabetic activity. [9] The P. speciosa empty pod extracts were rich in uronic acid and possessed good DPPH radical scavenging activity; [10, 11] they were also reported to have a greater hypotensive action than the seeds. [8] Fruits, vegetables, and medicinal plants are well known to contain chemical compounds exhibiting good antioxidant properties. [12−14] Consumption of these antioxidants is believed to be beneficial in preventing oxidative stress related diseases, such as cancer, cardiovascular diseases, diabetes, etc. [15−17] Antioxidants also play an important role in lengthening the shelf life of food, reducing nutritional losses, and formation of harmful substances. In this study, the objectives were to have a detailed evaluation of antioxidant activities of aqueous (PH) and ethanol (PE) extracts of P. speciosa empty pods using various antioxidant assays, and to examine the polyphenolic contents and their constituents present in these extracts.
MATERIALS AND METHODS

Chemicals
Trolox, thiobarbituric acid (TBA), nicotinamide adenine dinucleotide (NADH), nitroblue tetrazolium (NBT), phenazine methosulphate (PMS), ferrozine, ethylenediaminetetraacetic acid (EDTA), linoleic acid, and 2,2'-azino-bis[3-ethylbenthiazoline-6-sulfonic acid] (ABTS) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from MP Biomedicals Inc. (Eschwege, Germany). Dimethylsulphoxide (DMSO) and ferrous chloride were obtained from Wako Pure Chemical Industries (Osaka, Japan). All other chemicals used were of analytical grade.
Plant Materials
Fresh P. speciosa pods were purchased from the market in Bidor, Perak, Malaysia. After removing the seeds, the empty pods were immediately dried in an oven at 40 • C for three days. The dried materials were ground using an electric grinding machine (Model RT-02B, Rong Tsong, Taipei, Taiwan) to produce the powder (≤ 20 mesh), which was collected and kept in an air-tight plastic bag until use.
Extract Preparation
To prepare the PH extract, 100 g of sample was extracted with 1 L of boiling water for 1 h. After filtering the extract with filter paper (Advantec No. 1; Toyo Roshi Kaisha Ltd., Tokyo, Japan), the residue was re-extracted under the same conditions twice. The filtrates obtained from three separate extractions were combined and concentrated using a rotary vacuum evaporator (EYELA, SB-651, Rikakikai Co. Ltd. Tokyo, Japan), followed by lyophilization for 72 h in a freeze-dryer (FD 5030/8530, Panchum Scientific Corp., Taipei, Taiwan). For the PE, 100 g of sample were soaked with 1 L of ethanol (95%) at room temperature for six days to improve the yield. After filtering the extract with filter paper (Advantec No. 1), the filtrate collected was concentrated with a rotary vacuum evaporator and then dried in a SpeedVac concentrator (Savant SPD121P, Thermo Scientific, MA, USA) under vacuum. The dried PH and PE were collected and stored at 4 • C until use.
Anti-Lipid Peroxidation Assay
This assay was determined by the thiocyanate method as described by Ng et al. [18] In brief, 2 mL of different concentrations of PH, PE or positive control (Trolox) were taken and well mixed with 3 mL of linoleic acid emulsion consisting of 2.5 g Tween-20, 2.5 g linoleic acid, and 0.04 mM of potassium phosphate buffer (pH 7.0), followed by incubating at 37 • C. After reacting with FeCl 2 and thiocyanate at several time intervals, the peroxide value was measured at wavelength 500 nm. The percentage inhibition of peroxidation (%) was calculated as 100−[(absorbance of the sample/absorbance of the control) × 100].
Superoxide Radical Scavenging Assay
This assay was conducted according to the method described previously. [18] In brief, superoxide radicals were generated in 3 mL of phosphate buffer (0.1 M, pH 7.4) containing 1 mL of NBT (300 µM), 1 mL of PMS (120 µM), 1 mL of NADH (968 µM), and 1 mL of PH, PE or Trolox at various concentrations. The mixture was spectrophometically measured at 560 nm. The superoxide scavenging activity (%) of the extracts was calculated as [(absorbance of the control-absorbance of the sample)/absorbance of the control] × 100.
DPPH Radical Scavenging Activity
This assay was conducted according to the method as described by Wu and Ng. [12] Briefly, 1 mL of 0.1 mM DPPH radical solution was mixed with 3 mL of various concentrations of PH or PE dissolving in methanol. Trolox was used as a positive control. The mixture was then vortexed vigorously and left to react in the dark for 30 min at 40 • C. For the baseline control, 3 mL of methanol was used. The absorbance was measured at 517 nm. The DPPH scavenging activity (%) of the extracts was calculated as [(absorbance of the control-absorbance of the sample)/absorbance of the control] × 100.
ABTS Radical Scavenging Assay
The scavenging activity of ABTS + was measured according to the method described by Ng et al. [18] Briefly, ABTS was dissolved in deionized water to 7 mM in concentration, which was then mixed with 2.45 mM potassium persulfate. The scavenging activity was determined by mixing with 180 µL of ABTS and 40 µL of extracts or positive control (Trolox), followed by measuring the absorbance at 734 nm. The ABTS scavenging activity (%) of the extracts was calculated as [(absorbance of the control-absorbance of the sample)/absorbance of the control] × 100.
Metal Chelating Activity
The chelating effect of ferrous ions by PH and PE was determined by the method described previously. [12] In brief, 1 mL of sample at different concentrations was mixed with 3.7 mL of methanol and 0.1 mL of 2 mM FeCl 2 . The reaction was initiated by the addition of 0.2 mL of 5 mM ferrozine, followed by shaking vigorously and left to react at room temperature for 10 min. The absorbance was measured at 562 nm. EDTA, a strong metal chelator, was used as a positive control. The percentage inhibition of ferrozine-Fe 2+ complex formation (%) was calculated as [(absorbance of the control-absorbance of the sample)/absorbance of the control] × 100.
Reducing Power
The reducing power of PH and PE was determined by the method of Wu and Ng. [12] In brief, 2.5 mL of various concentrations of extracts or positive control (Trolox) was mixed with 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferric cyanide. After incubating the mixture at 50 • C for 20 min, 2.5 mL of 10% trichloroacetic acid was added, followed by centrifuging at 3000 rpm for 10 min. Five milliliters of the upper layer solution were taken and mixed with 5 mL distilled water and 1 mL of 0.1% FeCl 3 . The mixture was then measured at wavelength 700 nm. The reducing power was estimated by the response of absorbance of the reaction mixture, with the increase in absorbance indicating an increase in reducing power and vice versa.
Analysis of Total Flavonoid and Total Phenolic Contents
The total flavonoid and total phenolic contents of PH and PE were determined by the colorimetric and Folin-Ciocalteu methods, respectively, as described by Wu and Ng. [12] The total flavonoid content was expressed as grams quercetin equivalent per kg dry weight of sample, whereas the total phenolic content was expressed as grams gallic acid equivalent per kg dry weight of sample.
Chromatographic Analysis of Polyphenolic Constituents
The analysis of polyphenolic constituents of PH and PE was performed according to procedures as described by Suarez et al. [19] using a HITACHI high performance liquid chromatographic (HPLC) system equipped with a pump (Model L-2130) and a UV/Vis Detector (Model L-2420) set at wavelength 280 nm. The separation was performed on an octadecyl column (Mightysil RP-C18; 4.6 mm × 250 mm, 5 µm) at room temperature. The analysis was carried out with 20 µL of sample injected into the column coupled with a gradient mobile phase consisting of solvent (A) 2% PH aqueous acetic acid and solvent (B) 100% methanol. The flow rate was set at 1.0 mL/min. The chromatographic gradient was as follows: 0-55 min solvent A from 100 to 55%, 55-75 min isocratic solvent A 55%, and 75-85 min solvent A from 55 to 100%. Quantification of individual polyphenolic compounds was carried out by external standard calibration curves.
Statistical Analysis
Results were presented as mean ± standard deviation (SD). Values were evaluated by one-way analysis of variance (ANOVA), followed by Duncan's multiple range tests. Statistical analysis of two means was performed using Student's t-test. Difference was considered significant when P-value was < 0.05.
RESULTS AND DISCUSSION
Antioxidant Activities
Fruits and vegetables are known to possess potent antioxidant activities [12−14] and beneficial effects in preventing chronic diseases. [15−17] Although the antioxidant capacities of different plant materials are influenced by many factors, they are known to associate with specific compounds or classes of compounds, such as polyphenols (flavonoids and phenolic acids), nitrogen compounds (alkaloids, chlorophyll derivatives, amino acids, and amines), carotenoids, lignans, and terpenes. [20, 21] Studies have shown that P. speciosa extracts possessed good DPPH radical scavenging activity, [11] and their high antioxidant activities were associated with high total phenolic and flavonoid contents. [22, 23] In this study, results showed that both PE and PH exhibited a dose-dependent increase in antioxidant activities ( Fig. 1a-Fig. 1f ), their anti-lipid peroxidation and superoxide radical scavenging activities were more potent than Trolox as demonstrated by a lower IC 50 value (Table 1) . Although Values are presented as mean ± SD (n = 3); § the IC 50 values were obtained from dose-effect curves by linear regression, indicating the concentration of test extracts or positive controls that inhibit or scavenge the radical formation by 50%.
Means within the same column with the different superscript letters are significantly different at P < 0.05 as analyzed by Duncan's multiple range tests. PH: aqueous extract; PE: ethanol extract; DPPH: 2,2-diphenyl-1-picrylhydrazyl radical scavenging; ALP: anti-lipid peroxidation; SOD: superoxide radical scavenging ; ABTS: 2,2'-azino-bis[3-ethylbenthiazoline-6sulfonic acid] radical scavenging.
PE demonstrated a stronger DPPH radical scavenging activity than PH, its potency was weaker than Trolox. At 25 µg/mL, PH, PE and Trolox demonstrated an ABTS radical scavenging rate of 18.1, 62.9, and 41.5%, respectively (Fig. 1d) ; the activity of PE (IC 50 : 19.57 µg/mL) was about four fold more potent than PH (IC 50 : 80.72 µg/mL), and was also better than Trolox (IC 50 : 29.03 µg/mL) ( Table 1 ). In metal chelating assay, although both PE and PH showed a linearly decrease in the absorbance of Fe 2+ -ferrozine complex (Fig. 1e) , their activity was weaker than EDTA ( Table 1 ). The reducing power of both PE and PH was moderate, and was much weaker than Trolox (Fig. 1f, Table 1 ). These results indicate that the antioxidant activities of P. speciosa extracts vary with the type of assays, and have suggested the different responses of bioactive compounds towards these assays.
Polyphenolic Contents and Individual Constituents
Compared with PE, PH appeared to have a lower total flavonoid and total phenolic contents ( Fig. 2) . Studies have shown that the free radical scavenging action of plant constituents were related to polyphenolic compounds and to caffeic acid derivatives. [20,24−26] Among them, flavonoids are considered to be the most important natural polyphenols, as they possess a broad spectrum of chemical and biological activities. As powerful free radical scavengers, flavonoids can effectively inhibit lipid peroxidation by neutralizing peroxyl radicals generated during the lipid oxidation. In this study, the level of total flavonoid level in PE was 4.7 times higher than PH; this would have contributed to stronger free radical scavenging and antioxidant activities of PE than PH. This finding was in agreement with reported results, indicating that flavonoids contribute significantly to the antioxidant activity and radical scavenging action of plant sources. [24, 27] The most abundant polyphenolic constituents present in both PH and PE were gallic acid, catechin, ellagic acid, and quercetin ( Fig. 3 ). PH contained the highest level of gallic acid, of which the concentration was about 23.31 g/kg. In PE, gallic acid (6.58 g/kg), catechin (5.82 g/kg), ellagic acid (8.91 g/kg), and quercetin (4.86 g/kg) were the most abundant polyphenols. Among the 13 analyzed polyphenols, other constituents detected with significant amounts were chlorogenic acid, vanillic acid, caffeic acid, epicatechin, and kaempferol. These results indicate that gallic acid, catechin, ellagic acid, and quercetin could be the major polyphenolic constituents contributing to the potent antioxidant activities of P. speciosa empty pods. Previous phytochemical investigations of P. speciosa had led to the isolation of β-sitosterol and stigmasterol, [4, 5] thiazolidine-4-carboxylic acid, [5, 6] dichrostachinic acid, djenkolic acid, hexathionane, pentathiepane, pentathiocane, tetrathiane, tetrathiepane, and trithiolane. [3, 5] In another study, using antioxidant activity guided fractionation, a large amount of gallic acid (4.9%) and quercetin (0.61%) was isolated from the ethylacetate fraction of P. speciosa empty pods (unpublished data). In this study, the HPLC analysis further confirmed that this component of P. speciosa contained a high level of gallic acid and quercetin.
Flavanoids and phenols, as secondary plant metabolites, are commonly found in fruits and vegetables, and have been shown to defend against oxidative stress from endogenous reactive oxygen species and free radicals. [13, 24, 28] They are known to possess antioxidative, antiproliferative, anti-inflammatory, and antiallergic effects. [12, 16, 17, 29] In addition, they can also be used as food additives to provide protection against oxidative degradation of foods. [30] The high content of polyphenols in both PE and PH might have explained the potent antioxidant properties of P. speciosa empty pods, suggesting that their consumption is beneficial in protecting against oxidative damage in the body and hence decrease the occurrence of chronic diseases.
CONCLUSION
Regardless of the difference in solvents used for extraction, both PH and PE have demonstrated to possess potent antioxidant activities, of which appear to be largely influenced by the amounts of gallic acid, catechin, ellagic acid, and quercetin. With the exception of gallic acid, the polyphenolic compounds present in PE were higher than in PH, and that could have explained for having stronger antioxidant activities. The present study has provided the chemical basis for certain health claims of P. speciosa empty pods in folk medicine and as foods.
